Intraoperative hypotension is a common and sometimes deleterious event in elderly patients undergoing spinal anaesthesia for repair of hip fractures. The synergism between intrathecal opioids and local anaesthetics may allow a reduction in the dose of local anaesthetic and reduce hypotension, while still maintaining adequate anaesthesia. We studied 42 elderly patients having insertion of a Richards pin and plate and compared 7.5 mg hyperbaric bupivacaine with added fentanyl 20 µg (group BF) to 12.5 mg hyperbaric bupivacaine alone (group B). Hypotension was defined as a fall in systolic blood pressure to less than 75% baseline or less than 90 mmHg and occurred with an overall incidence of 59.5%. There was no difference in the incidence or severity of hypotension between the two groups. Two patients from group B and one from group BF experienced mild discomfort. Pruritus was more common in group BF.
A recent meta-analysis 1 compared outcomes between regional and general anaesthesia in elderly patients having surgery for hip fractures. Several outcomes were significantly different statistically. There was a lower rate of deep vein thrombosis and a lower one-month mortality rate in the regional anaesthesia group, but a lower rate of operative hypotension (26.0% vs 34.3%) with general anaesthesia.
The main cause of hypotension in elderly patients given a spinal anaesthetic is sympathetic blockassociated decrease in systemic vascular resistance index 2 . Hypotension is affected by the height of the block, pre-existing hypertension and preoperative hypovolaemia 3 . Hypotension may be deleterious because elderly patients have decreased physiological reserve and an increased incidence of systemic disease 3 . Until recently, studies have focused on treatment or prevention of hypotension with intravenous fluids and vasopressors. However both these measures can be incompletely effective or problematic.
One approach to avoiding hypotension or the complications of its treatment is to use a very small dose of local anaesthetic. However, this may not always provide adequate anaesthesia 4 . Other approaches are to titrate the local anaesthetic through a catheter or to use a hyperbaric spinal solution and leave the patient on their side for a time to obtain a unilateral block. Both these methods can take time and delay surgery.
In animal studies, opioids and local anaesthetics combined intrathecally show a synergistic effect [5] [6] [7] . Fentanyl enhances the blockade of nociceptive afferent but not sympathetic efferent pathways 7 . Clinically, the addition of an opioid to a local anaesthetic spinal solution has allowed a reduction in the dose of local anaesthetic for elective orthopaedic 8 , gynaecological 9 and obstetric surgery 10 . Until the recent study of Ben-David et al 11 , this approach had not been reported in patients requiring emergency surgery for hip fracture. Our intention was to obtain a satisfactory spinal anaesthetic, while reducing the degree of sympathetic block and hypotension, by using intrathecal fentanyl to facilitate a reduced dose of intrathecal local anaesthetic. The study hypothesis was that a small-dose bupivacaine with fentanyl spinal anaesthetic results in less hypotension than a standard dose of bupivacaine alone in elderly patients presenting for hip fracture surgery.
METHODS
Local Ethics committee approval was obtained for the study and informed consent obtained from each patient or a relative. Patients with a fractured neck of femur (NOF) requiring internal fixation with a Richards pin and plate were eligible for enrolment.
Patients were randomly allocated to receive either 7.5 mg heavy bupivacaine +20 µg fentanyl (the study solution, BF), or 12.5 mg heavy bupivacaine without fentanyl (the standard solution, B). The syringes were prepared by Baxter Healthcare under sterile conditions and the study solution syringes were made up with 8% glucose to the same volume as the standard solution syringes (2.5 ml). All were numbered and coded such that the administering anaesthetist was blinded to their contents.
Patients were not premedicated and were transported into the operating theatre on their ward bed. If not already present, reliable intravenous access was obtained. Standard monitoring using a Datex AS3 monitor (Datex-Engstrom, Helsinki) included baseline non-invasive systolic blood pressure (SBP), mean blood pressure (MBP), heart rate (HR), respiratory rate (RR) and pulse oximetry (SpO 2 ) prior to patient positioning or drug administration. Three SBP readings within 5% of each other were required before taking the average of these as the baseline SBP.
Prior to positioning, patients inhaled nitrous oxide (N 2 O) 50% and oxygen (O 2 ) 50% for several minutes to provide analgesia. In addition, they were given midazolam (0.5 mg boluses) at the discretion of the anaesthetist. Patients were turned onto their side, with the fractured hip dependent, for insertion of the spinal block. The N 2 O was then ceased and O 2 administered through a face mask at six litres per minute for the rest of the procedure.
For each patient a numbered syringe was chosen at random from the supply kept in the Pharmacy Department and the spinal block performed with a 22 gauge spinal needle at the L3-4 interspace, or failing that, at one interspace above or below this level. After intrathecal drug injection, patients were left on their side for one minute and then turned to the supine position for transfer onto the operating table, where they remained in the supine position until completion of the operation. An attempt was made to ascertain the sensory height of the block with ice before the onset of surgery, but this was difficult due to the high incidence of dementia in our patient population.
All patients were given 8 ml/kg of intravenous (IV) Hartmann's solution over 10 to 15 minutes once the spinal drugs had been administered. Subsequent IV Hartmann's was given at the discretion of the attending anaesthetist, to compensate for blood loss.
From the injection of spinal drugs until the completion of surgery, SBP, MBP, SpO 2 , HR and RR were measured every three minutes. Hypotension was defined as a fall in SBP of more than 25% of baseline or to less than 90 mmHg. Hypotension was treated with 0.25 mg boluses of IV metaraminol. After an episode of hypotension, an additional SBP reading was obtained within the three minute time period and the metaraminol bolus repeated if necessary. The number of episodes of hypotension, the number of metaraminol doses and the total dose of metaraminol were recorded for each patient.
Throughout the operative procedure, patients were observed for signs of discomfort, agitation, sedation, nausea and pruritus. Discomfort was treated with intravenous fentanyl 20 µg repeated as necessary. Pruritus was considered present if patients reported it when questioned or if they scratched their nose, face or chest during the procedure. Midazolam 0.5 mg IV boluses were given for agitation at the discretion of the anaesthetist. The block time, operation time, estimated blood loss and total volume of Hartmann's solution given were recorded.
Patients were observed postoperatively for 60 minutes in the recovery room where they were monitored by nursing staff who were also unaware of study group allocation. SBP was recorded every five minutes and patient comfort assessed at 30 and 60 minutes. Patients were again observed for evidence of nausea, pruritus and sedation. Oxygen at 6 l/min via face mask was continued in the recovery room and at 2 to 3 l/min via nasal prongs for 12 to 24 hours postoperatively on the ward. Pain was assessed with a verbal rating score from 0 to 10.
To detect a difference of 22 mmHg in the mean fall in SBP between the two groups, with a standard deviation of 20 mmHg, a power analysis determined that 19 patients would be needed in each study group (alpha 0.05, beta 0.1). The statistical package used was SPSS for Windows version 8. Mann Whitney U-tests and t-tests were used for continuous data and Mann Whitney U-tests and chi square tests for categorical data. A P value <0.05 was regarded as significant.
RESULTS
The specific gravities of the study solution BF and the standard solution B were measured in the Physics Department of Royal Perth Hospital in a Specific Gravity bottle at 21.5°C and were 1.0245 and 1.0283 respectively. (The specific gravity of 7.5 mg (1.5 ml 0.5%) hyperbaric bupivacaine with 20 µg fentanyl but no added 8% glucose was 1.0236).
Forty-eight patients were enrolled in the study (n=23 group BF; n=25 group B). Six patients were excluded from the study because of failed block necessitating general anaesthesia. Spinal insertion failed outright in two patients in group B, insertion was difficult with bloody cerebrospinal fluid obtained and subsequent inadequate block in one patient from each group, and two patients in group BF had a seemingly uncomplicated spinal insertion but did not develop discernible block. This left 20 patients in group BF and 22 patients in group B for evaluation.
The group demographics were similar and the groups were not significantly different with respect to the times from the onset of the block to both the start and the end of surgery, the estimated blood loss and the volume of Hartmann's solution administered intraoperatively (Table 1) .
Nearly all patients had received intravenous hydration on the ward prior to coming to theatre. All were in sinus rhythm apart from two patients in group B who were in atrial fibrillation (AF) and one patient in group BF who was paced (VVI).
Dementia or cognitive impairment was common and it proved impossible to measure block height in many patients. In those who could be assessed, distribution ranged from T11 to T2 in 10 patients in group BF and from T11 to T3 in 13 patients in group B, indicating wide variability in both groups.
Hypotension was a common complication, occurring in both groups at a combined incidence of 59.5%. The incidence and severity of hypotension in each group was not significantly different. The mean number of episodes of hypotension, the mean number of metaraminol doses and the mean total doses of metaraminol was not significantly different ( Table 2) .
Three patients reported some intraoperative discomfort (n=2 group B; n=1 group BF). In group B one patient experienced pain on skin incision and again at the end of the case when staples were inserted in the top end of the wound, but he was otherwise comfortable during the procedure. Another patient in group B reported a small amount of discomfort on the operative side towards the end of the procedure. One patient in group BF reported a sharp pricking sensation during wound closure.
Pruritus occurred in seven patients in group BF compared with two patients in group B (P=0.047). Nausea occurred in one patient in group B. The mean dose of midazolam administered was 1.4 mg in group BF and 1.5 mg in group B.
Recovery Room observations were similar in both groups (Table 3 ). Hypotension was common. All patients were comfortable and none required analgesia or treatment of other symptoms. No patient developed evidence of new respiratory depression. Desaturation was uncommon and transient, except for one patient in group B who had a preoperative SpO 2 of 93% and had an SpO 2 of 92 to 94% in the Recovery Room.
DISCUSSION
Despite group BF receiving 5 mg less bupivacaine than group B (7.5 mg vs 12.5 mg), there was no difference in the incidence or severity of hypotension between the groups.
This was in contrast to the study of Ben-David et al 11 who found significantly less hypotension in patients who received 4 mg isobaric bupivacaine with 20 µg fentanyl than in patients who received 10 mg isobaric bupivacaine alone. They stated that they obtained adequate spinal anaesthesia for surgery whilst nearly eliminating the need for vasopressor support of blood pressure. In addition to using isobaric bupivacaine, their study differed from ours in that their baseline blood pressure readings were taken after the administration of fluids, midazolam and fentanyl, whereas ours were taken before any drug administration. Nevertheless our patients had marginally lower baseline SBP and MBP readings, indicating that the larger drop in SBP in our patients was probably not due to an artificially elevated baseline, caused by pain or apprehension. The other difference was that in their study, two patients in each group of 10 underwent Austin-Moore hemiarthroplasty, presumably necessitating lateral positioning, whereas all our patients underwent Richards pin and plate insertion and were all in the supine position.
It is possible that in our patients, hyperbaric bupivacaine, even in reduced dose, still migrated cephalad to a sufficient extent to cause sympathetic blockade and hypotension once the patients were turned back to the supine position. Although sensory block height may not reflect the level of autonomic block, in those patients who could be tested there was a similar range of sensory block heights in each group. The addition of fentanyl should not contribute to autonomic block 7 .
Isobaric bupivacaine should not migrate as far cephalad in the supine position as hyperbaric bupivacaine, but even with 10 mg isobaric bupivacaine, Ben-David et al 11 observed a mean block height of T6 and significant hypotension. We observed considerable hypotension with 7.5 mg hyperbaric bupivacaine. It would appear that a dose of hyperbaric bupivacaine less than 7.5 mg, or a dose of isobaric bupivacaine less than 10 mg may be necessary to avoid hypotension in these patients.
None of the patients in the study by Ben-David et al 11 experienced discomfort, although their study only involved 20 subjects. In our study one patient in group BF experienced intraoperative discomfort, as did two patients in group B. It may be that with cephalad migration of either of our hyperbaric spinal solutions, the concentration of bupivacaine (with or without fentanyl) at the appropriate spinal level was reduced, thereby leading to a less intense block of the operative field (in addition to causing unwanted sympathetic block and hypotension). Our patients were administered 8 ml/kg of crystalloid with the onset of the spinal block, as recommended in the review by Critchley 3 . The beneficial effect of giving fluids is to increase cardiac output, but the reduced physiological reserve of the elderly makes them less able to increase their cardiac output in response to fluid loading 3 , and fluid loading has not always been effective [12] [13] [14] . Clearly, 8 ml/kg of crystalloid fluid loading was not effective in preventing hypotension in our patients, but excessive fluids can cause pulmonary oedema in patients at-risk, and also contribute to urinary retention 15 .
We used 0.25 mg boluses of IV metaraminol to treat episodes of hypotension, as recommended by Critchley et al 16 . Metaraminol is more effective than ephedrine 13 , and unlike ephedrine, does not cause tachycardia (which may be detrimental 17 ) or require fluid loading to be effective 3 . Boluses larger than 0.25 mg can lead to overtreatment of blood pressure 16 and an undesirable increase in afterload 18 .
The risk of respiratory depression is a concern in elderly patients receiving spinal opioids. A study by Varrassi et al of elderly patients receiving subarachnoid fentanyl found that 50 µg caused respiratory depression at 90 and 150 minutes after administration but 25 µg did not 19 . Fernandez-Galinski et al in a study of elderly patients undergoing hip or knee surgery found that 25 µg of spinal fentanyl induced oxygen desaturation when combined with pre-and intraoperative benzodiazepines 20 . Their patients were premedicated with 5 mg of oral diazepam the night before surgery and were given midazolam in 1 mg increments intraoperatively, although they did not report the total dose of midazolam given.
Our patients were not premedicated, but some were given intraoperative midazolam. Oxygen was administered intra-and postoperatively and no new respiratory depression was observed in either group. In the study by Ben-David et al 11 , patients were also unpremedicated, received intravenous midazolam 1 mg prior to positioning and then no further doses. The authors did not comment specifically on respiratory depression but reported that all patients Anaesthesia and Intensive Care, Vol. 29, No. 5, October 2001 had an uneventful recovery. This suggests that 20 µg of intrathecal fentanyl in combination with small doses of midazolam can be safely administered to elderly patients provided they are given oxygen and observed closely.
In conclusion, 7.5 mg bupivacaine with 20 µg fentanyl in a hyperbaric spinal solution did not significantly alter the incidence or severity of hypotension in this elderly population compared with 12.5 mg hyperbaric bupivacaine alone. The administration of subarachnoid fentanyl was associated with more pruritus. Further investigations using low-dose isobaric bupivacaine may be warranted.
